ABSTRACT We sequenced the metagenome of a pilot-scale thermophilic digester with long-term, stable performance on poultry litter feedstock which has a very low C/N ratio, a high ammonia level, and high lignocellulose content. Firmicutes were the dominant phylum (68.9%). Other abundant phyla included Bacteroidetes, Euryarchaeota, and Thermotogae. This microbiome represents a hydrogenotrophic methanogenic community with high diversity.
A naerobic digestion (AD) is used to treat concentrated organic wastes and to simultaneously produce bioenergy (methane). The methanogenic food web in digesters can be described as consisting of three trophic levels where heterogeneous substrates are converted into biogas. These are hydrolysis/primary fermentation, secondary fermentation (including syntrophy), and methanogenesis. AD systems differ in design and applications, particularly with regard to substrate and temperature, which introduces considerable phylogenetic and metabolic diversity (1-3). The high temperature of thermophilic AD destroys pathogens and increases substrate solubility and reaction rates. However, the food web may be less stable and more easily disturbed by substrate changes than mesophilic AD (4). Recent metagenomic analysis has shown many new bacterial species and higher-level clades in AD food webs (3, 5) .
We have operated a pilot-scale thermophilic digester that was stabilized on poultry litter substrate. This substrate has a very low C/N ratio (6 to 7), which is far below the reported optimum of 20 to 30 (6) . In addition, this feedstock produces high ammonia levels which can be inhibitory, and it has high lignocellulose content. This particular microbiome has shown long-term stability toward this suboptimal substrate. Several studies from our group have examined important features of this digester, including mass-energy balance (7), feed-loading frequency (8), and power consumption efficiency (9) . Bacterial diversity of this microbiome was previously analyzed with 16S rRNA gene-targeted pyrosequencing (10); adaptability during codigestion was also studied (11) .
The digester is a 40-m 3 , thermophilic (56°C), continuously stirred tank reactor (CSTR) with mixing provided by recirculation of headspace gas. The design was described in Espinosa-Solares et al. (7) . In the current study, the digester had stable performance with the same substrate for about 7 years. At the time of sampling, digester performance variables during a 4-week period were the following: methane, 60.1 Ϯ 1.6%; biogas, 6.6 Ϯ 0.9 m 3 d Ϫ1 ; pH, 7.9 Ϯ 0.1; N-ammonia, 1,846.9 Ϯ 180.3 mg L Ϫ1 ; volatile acids, 4,173.7 Ϯ 1,135.1 mg L Ϫ1 ; and chemical oxygen demand, 31,631.4 Ϯ 8,612.8 mg L Ϫ1 . A liquid sample was collected from a port in the middle of the reactor. The liquid was centrifuged at 20,000 rpm for 30 min at 4°C to pellet solids. The pellet was stored at Ϫ80°C. DNA was extracted using a PowerSoil DNA isolation kit (MoBio Laboratories). DNA was sequenced at Carver Biotechnology Center, University of Illinois, with the Roche 454 GS FLX Titanium pyrosequencing system. The metagenome consists of 1,248,442 reads and 642.5 million total bases. The average read length is 405 bp. Taxonomic classification was done using the MG-RAST server (12) employing the M5NR database (13) . The most abundant phyla are Firmicutes (68.9%), Bacteroidetes (7.9%), Euryarchaeota (6.1%), Actinobacteria (4.6%), Proteobacteria (3.9%), Thermotogae (3.4%), and Synergistetes (1.5%). Twenty methanogen genera were identified. The most abundant methanogens are Methanoculleus (82%) and Methanothermobacter (9%), which utilize hydrogenotrophic methanogenesis. Functional analysis showed high levels of carbohydrate metabolism, particularly mono-, di-, and oligosaccharides. This microbiome is a model for thermophilic bioenergy conversion processes. Accession number(s). The metagenome sequences were deposited in the NCBI database in the Sequence Read Archive under accession number SRP139605.
